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Foreword.

The problems of evaluat' new cui.riculum rnLatzials such asIf
5-Ta . ..

those produced by UICSM are manifold and not easy to solve. A pri-

ma'ry.objective which UICSM set for itself when it was organized in,
z

. ,

1951 was to improve t1re learning df the skills and facts comprising
-

(the college preparatory sequence found ,in most high schools at that

time. In..trying to achieVe this objective, UICSM mdde major changes,

in pedagogy and major changes in content especially with respect to

logical organization. Teaching-bdiscovery replaced teachingby-
.

telling in order'to build interest and to tap the creative talents of

students. We maintained,vry high standarias of precision_ of, language

in our instructidnal matEkrialg. In order to achieve the understanding
.

. r
which intellectual integrity demands as a .pferequisite to the acquisition

''Arai___.. .
.

of skills, .we introduced the-notion 6f a deductive 6rgani-zation of elerrien-
.

. , .

tayy algebra. Thus students derived the theoretme which justified the
. .. .

usual manipillation`rules and they became aware of the logical connec-

tions among the manilation rules [e. g. , the rules for combining like
I

monomials and/ the ruleor combining like radicals are logi.cal,conse-.
,,,

..

quences of the same principle]. Topics frotA the elementary theory df
. - .

, t _

. sets were ,introduced to give students insights into ghat made he .
I

sr.

mechanical procedures work 'when they solved equations and inequations
N. -

or when they solved'systems of eqtiations by graphing Thus UICSM

students had the opportunity not only to acquire the skills and knowledge
aLa\expected from the "traditional" cur riculvn but also.,tb learn Ma.theniat-

. .. .
igal ideas and tecNniqttes which were not proviae4 for in school

,..
t

,

w
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1Trathtrnatic, pri.r_hals prior to UICSM. ,In addifionAas we were told
.

by cpoperatiag teachers in_ experimental clas'pes and ,a,g we observed on .

our visits t6 these cl-assrooms, UICSM Students were routj.nely.develop-

1..,, .
ing insights ntornatrxemdtics and attitudes toward new pf)oblerns whichi

'1e
weie acoiiiied by only the best' studtnts in the ,best of traditional classes

*.' and which mathematics educators have profess'edto be among the most

slignific.ant out:comes of,,in.struction.

Any comprehensive evaluation program should consider both the pri-,
').....---

-.ma y skill- 'and - knowledge objective which is comthon. to both,our program
. . . ...

,

. .
',.... ^,

_and., the t-r.z.idition.al one, and the rather astound,irig secondary obj'ectives\.S.

,which we- appeare'ci to accomplish almost as by-products, . In the early

years of our work:we v Are able to look only.at the primary objective in

making comparative studie:s of UICSIvi students a'nd students trained in the
. ,s.tr'aditionai curriculum, Natrirally, it was not Nssible to'rnake compara-

.. i
-.4

tive studies'\vith respect to new content, and we had neither the skill riori
lir , ea. I

the tii.--rix" todevelop objective tests for rrlaking comfiarative studies with

respect to the dct,elopment of insight and creativity in attacking new prob-. , .

lents. What 'ce could do and what we did, was to collect data on students' 6

,a.c.hievcinerit as measured by -standardized argebra and geometry tests

which were Zlesigiied for the pre-I 9 50 traditional currIculurn . We (16 not
.

pretend teat these tests have provide.d us with a complete description of
. t .

our students' achieverne9t, and we recognize that the language u\sea. in
S I

..-
1. .

0, many cf the items on these tests was somewhat unfamiliar to our students:..
4

Nevertheless, we .w-,ere willing to use the test results as a rough guide in

re:Vising our instiztictional materiajs. The Study rer.iorted below is the
g

. , ( .,
.

first we have puklished'based on'an analysis of the data,collected by means( ..
of guch tests *, - ,

.., I

.
(

,

1 .

I
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f
I. .The resfat's the analysis -are not as satisfactory as we might have

. i

.a

-
hoped. Achievement by students in our 'pilot and participating schools

was not uniformly high. These results are in-accord-wiNthe su bjective

reports, we ha've received from-teachers ancrwith very rough analyses,

which we carried out sorne'years agp as the data were collcted.- These

preliMinary findings persuaded us to, revise our instructional m aterials

1,

for our advanced units in the direction of including really review sections

of miscellaneous manipulative exercises,' The present study will be

useful to the extent that the objeCtives measured by,the tests are valid

in our continuing curriculum development work.,

The report which follows is the firOt to be produced by the,newly-
.

organized research section of MCS1v1, It is directed to a varied audience--

research workers in mathematic education, teachers', administrators,
-

and,others who have been interested .in UICSM. Such variety posed a

problem for the'uthors. Professofs T'atsuoka and Easley have feltr
. obliged to include 'sufficient details of the statistical analysis to gnsivere,

. . .

the research 'workers' questions but, at the same time, -dad not wish tol
ctverwhelm the nonstatis tic ally oriented 'reader, They Have, consequently,

I'
.bmployed the device .of setting off-the technical eedtions with widerlmargins.

.1...
. . - , 1 ,

and clOser spacing, so hegerieral reader may skip these if lie wishes.
,

they have also provided an abstract for those who wish a brief resume,t
qur research section, under.the ,direction of Professor EasIeS,, is

. r
11 N

presently engaged in further analysis of available data, in collecting new
r

data for studies underway, and ;1
psigning further studies related to the

;)'

teaching and leari-iing of rnathernatiCei . These research actillki es will play
.

or-
a:n -in-ipprtant role in the developme'rit of rtew> curriculum materials which

if

is the primary job of UICSM.

,

`,

J rbana..t Illinois
September 1, 1 963.

. a

,

Ma, 13e1;erman
Director, UICSM



..Comparidon pf UICSM vs. "Traditional" Algebra Classes
on Coop Algebra Test Scoresl

of-
t

Maurice M.,Tatsuoka and 3* A. Easley, Jr,i
1,

Abstract
-This report describes the results of. an evaluan studyInvolving approximately 1700 UICSM and nearly 700 non-`I.JICSKalgebra students. The former are designated the

`expe,rimental" sample and the latter tire "control!' sample.
The experimental sample was broken Flown into six groups. de-,* ending on grade (8th or-9th), version of UICSM First Ctsiirse 'text used (1958 or 1959), and duration of study prior to 'testing.

Achievement in aliebra was measiired by the Cooper-
a.ti.T.Te Algebra Test (Eiernentary), Forms T, X; and Y. Theanalysis of covariance, was Used in comparing group meanson this test, with adjustments for inequalities 'between groupson the Differential Aptitute Tests of Numerical Reasoningand of Verbal Ability.

With these adjustments, the experimental sample as a.Whole showed significantly greater achievernenethan the con-
.

trol sample. This was also true of four,of the six experi-
mental groups taken separately.

The adjusted Coop lgebra means of the other two groupswere not significantly dif erent from that of the Control sample.
Possible reasons for these results' are discussed in the report.

Description- of Samples Tested in the Study

P

The, exp\rimental 'sample compe5.sed 1,705 students in 75 eighth- ond
ninth-grade classes taking the UICSM Fiist Course' (Units I-IV) during the'

1958:L59 and ,1959-60'schoolyears. They fall in the upper two- thirds of
the,College preparatory students in 38 schools scattered throughout the

;country. The samples were riot arrived at by stratified' sampling but.by
1
Most,of the. data used in this paper were 'originally obtained and subjectedto a difftrent type of analysis by 0. Robert Brown, Jr, 'irk an unpublished'report Of the same title.; .

2The authors are especially indebted to Judy Boyle for tompiling the data andassisting in the calculations and to Eleanor McCoy for compiling a: list of. s .changes made in the latest Version of the UICSM first course text. We arealso.indebted to Robert Kansky for a number of helpful comments on the MS.

k
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historical accident, from schools which volunteered to trey the UICS)tii mate-
. .

rials. (Due to this fact; it was necessary to introdude statistical controls,

ag described in the section on "Statistical Analysis.") This sa:rdp,le was
%.)

divided into six groups (designated by E1, Ez, "E5, and E6), de-

pebding on the grade, the school year in which the UICSM First CiTrse was-

takpn, and the time of testing. Groups tz and E3`oontained 25% of the

UICSM students starting First Course in Septeinber, 1958, and the other

fOur represented 43% of the. students starting in September, 1959.

The particular year (1958-59 or 1959-60) in which the course was

taken is,iniportant because the UICSM,material Published and first used

in the fall of 1939 was the result of, a! revision which, it was hoped,wouldc

improve student performance bn standard high school algebra tests. While

earlier versions of the UICSM texts had concentrated pritharily on making

ideas clear, the 1959 revisions reflected thJe realiza tion that clarity of
.

cept crevelopment was not enough to ensure that concepts are retained by

students in a useful form. Although further improvement of clarity of cdr:.

cepts was not avoided in making these revisions, the principal purpose for

the revisions was to proyide increased practice in using mathematical ideas.

The diversity of ways in which opportunities for practice were increased

in the 1959 versions Of Units I-III exemplified by the new-topics and treat-
-.

ments briefly described heloW.
*

In Unit I, the explanation of aInd the exerciseszin the grouping con-
d `ventions were considerably expanded, and the term "unabbreviating" was

introduced to refer to the procedure of putting omitted symbols back into

an expredsion.

relating to real

(;
The treatment of some of_the principles and concepts

numkers was made more explicit, and More. exercises,

were included which involved the use and recognition of basic principles

for real numbers. In -Unit II, the treatment of simplification problems

e..,



4

I
involving division wa-s consideragly x'anded and the total number of k4ple7

,rnentary exercise

mainly concerned

sion--in contrast

4

s was approximately doubled. -the Lw,exercises\wer9.

with prosgs and simplificatiOn problem' slinvolving divi-
.

to the old supplementaryAxertises (still retain&I) which

.. concerned only substitution and algebraic sithilifitation. In' Unit III; the

applicatidn of uniqueness "and cancellation principles to de solution of linear

quations and "inequations," uadratic equations and squares roots received

ore detailed treatment.

.k

wci
ti

4

Qualitatively, .teachergtland writers were satisfied that these tInges

d promote an increa d mastery of algebraic skills by the pupils. It
c

is ost interesting, th efore, to inquire whether students wiiing.the new

measured liy'a test empha-editi ri showed such an inCreageti mastery, as

siziri manipulative skill.
f

he time of testing for achievement in the experimental sainp,e was

rather disuniform from one class_to another.° a;me classee (fgose in

groups

had s a ted tbeir UICSM courses, and most of them had-just begun their

study of nit 4 at the time of testing. These students were aka disadvan-
,,

tage in t at the criterion tests (described later) incluzaed items on exponents

and on gd metrical applications *of algebra -- "topics which were not covered

d E4)...kvere tested at the end of the school_year in which they

in Units 1- her classes were tested upon completion of Unif'47-0.;hich

generally .took place some time during the 4.11 of
.
the school-year following

. i
t

.
i.

the one in which they had be-gun the course. The distributlothof times of
f ,

, .,,.,.;._,

testing of t e various classes is indicaternraphiCAlfy in Figure I; which
,

also_shows' t he' size of the groups into which theex rimental `and cOnaol
'-'-,

.

samples were divided.
9 i

Note that the year and month in vthich each group began its algebra ,
.1

course is icated bti-'the ,position of the left boirderorits block along the

44
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.. [01'time' .F,par,atin.,,-; the*blo(ks regresehting the control and exgeriMental
.

groups:. The ight-hand border indicates the time of teetrig with the Coop
I ,

'Algebra Test. For those groups which contained classes that varied in .
f

time of testing, the right. -hand border,is made step-wise to indicate the

variations. The heights of these ste4 a, re drawn rouply proportional
, . .

to fir number of students tested in each time period; the total height of

each block is proportional to the droup

J

The breakdown of the experimental sample into six groups, in accord- ).)

ance with the characteristics, descried above, summarized hi the upper.

portion Of Table 1, belOw:

. . .,.
Table I. Subdivisions 'of experimental and,control samples

4 --

into several grolipbaSed on some relevant features.
-v,

i

Year Course

. ,
,

c.)

a
' ct5

co,
:j

a)

:

o

W

.
I

Was
Group' Grade Begun-

El i 8 1959,

'E
2 9 19A8

E, 9 1958
I ,

E4' 9 1959

ES' 9 1959

>
E

6
, 9 .. 1959

Cl 1958

9, 14.9
o0 trd

4c,

.

Time of Testing_ IV
.

May '60-Mar '61 226 .

May '59 ' 118
,,... I .

- Sept '- Deg '59-, ty- 270
.

A

May'' 60 574
..

,A*
Nov - Dec. ;60 382

:''' .Iaii'64 .' 135
.

t

May '59 515

May '.60 .01$161' '°-
1,

4,

et.

I.
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.,. ..,., . .,

The c (Jilt rot s,fonple c urapsrt:-,ed:trro.,)ttudents- in, 26 iiii2t1i-grade classes ,o,

taking "convcntioi1,:111 algebra cot.64e'sl-c14;ring 19.510LO 'and 1959-60 in schodls. 1...

.

,. -.,- .,_ --. .3 ....
. :. ), '.01,-,A .

, ., .

,,ellicit ;,tiso had ,C,IICSi:1 r.-1.1.'s.i'ses Tht. C 015 trol classes were from 11 6 tir 38
1 .

L

EhooIs represented init'he.,e'xiii3lArynck,itetifsztrhple '.-,t/id 10 others., All s4hooks
. . . - . r . ti . -...,, ...

1 .r. .-n-"--:.? LI.7-----, ,
' e .

. using UICS\I text:we t-e enCociraged_to set. up both experiMental. and Control..1

4 ,
4 .. , -

cla 8 s 0 s , .but,Inany were un,eble to do-go or failed to adminigter all'the test )-
it !....1-,, /0- . te

.

This sample ,.as divided in* to ()ray 4wo groulis'asshown in.the lower- portion,
'I ...

'1

et.

1---
o 4

of Table 1, (C1:.. the 1958-59 classes; ,C2:. the 1959-60 classes). -.Fui;ther
c.

subdivision wall unhecestary bscau,st, unlike those inthe experimental

.sample,' the control classes were uniform wit respect to grade and tirn

of testing. That is, all control class f'er'e 901-grade classes, and all

were testud--(d t'Ve end 'of tfie.school year in whichslhey had their irst-

algebracours(4,.
I

Test Data Used- '

Tlie criterion variable in terms of which intergroup comparison s
.

were made was the Cooperative Elementa-ry Algebra Test (Forms T, X,,.

and Y), published by 00/e Educational Tes, ing Service. This ,test empha-
c2

sizes computational skills,...and hence pro

-

ides an "'acid test'"~ for UICSIvi-

trained students--especially for those who were taught with material prior_

t(Nhe 1959 revision. '4
.t

The. means and standard dhviatio .e Coop Algebra Test scores
.

,1,

for .the experimental and,control sarriples; ae,well ,for the several sub-
- ,. ) ,

1 ,....
groups, are shown iri Table 2, _below. It is seen that th experimental 0-, . ., ....

(UICSM) sample as a whole (and each stiligroup thereof) 'had a higher mean
,

in
- .

. . ,
score thaneitr of the (*tro), ("sconventional0., ) subgroups. The superior

.. . . -..
performance of UICS/v1-trained students must, however, be partly attri-

hutednuted to the_'selection factor: they represented th'e upperitwo-thir,d1 of

_

4
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Table 2,. .Mearld and Standard

DAT-V.R, and DAT-NA for' the experimental
. ,

, sahtpleg and the several subgroups thereof.

*'
eviations of the Coop.sAlgebra Tests,' .

and control

(Also' Shown,

are the .doefticients of multiple correlation of Coop

,Algebra on the two DAT .subscQres. )

Total
Iiixperimental

TEST - 'Mean S. D. Means S. D.

E

Coop Algebra 6'3.37 10.19 66.89 10.03.

DAT -VR tb, 98 8.11 27.39 7.61 26. 92

.

Me an

62,83,

35.4T-NA

Multiple r
4

24. 62 7. 19 23.72 7. 40.

645 . 670

E, E4
,4

EST .-4.,
4/14144- .191! D.' Mean ,Z. D.,' Mean,T. 8 D... .

....

coop Algebra 63.72' -i -8: 48 .59.. 5.7 11..22 65.83
>.-

10.10r 66.58' 7.94

8.18 28.42 7.51

24. 76 6. 98 _ 26. 14 5. 62

.653 .602
'

DATVR ,

DAT-NA

Multiple r
.

"1:EST '

1:
28. 57 7. 86 24. 22 8.3+1 28. 6.2

25. 6/9 6:68 22. 35 '7.66 ,26.

.660 .671
.

k Tittal . .

Cofirrol 61

Mean S. D. nean S. D.

Coop Algebra 58. 26 11... 09

:DAT-VR. 23.63

DAT-NA s' 21. 26 ti 7. 20

. 6731

58:77 11.33

2346 "8. 23

21.66 7.38

.718

Mehn S. D.

8. 61 63. 18 9.50

28 95' 7.02
.*

6. 39 .25.176 5.51

649

C
2

Mean S. D.

56.65 .,10.11

24.19 7:27

23.09 6.48

.569
.Tilt Prorns fdr thi's test, based on,15,000 students in 130 schools, 6how a -

1, 0

Mean of Z. 9 with a standard deviation of 9.6.9

.1

I

L

.
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,

1/4
f

,

the college prgparatory students in each sch6ol, as mentioned earlier. On
, .

theotherhand, the Control sample was 6ormed frOm algebra classes for
,

whiolitt be ad,missrott:yequireinents were generally not so stringnt.,

1rr order t9 m. ake adjustments for the inequality in "scholastic ability".
N.

4- ' 1

. b ween the experimental and 5.9ntxol samples, the Differential Aptitude
. ..

k.. . . ,

Test Battery (D.Al2) results for all individuals in our sample were employed:
,

This battery had lieen administered prior to the students' - taking their alge-

bra courses, UIC SM or "conventional ", as the case may be.' Specifically!'

the scores on the two subtestsVerbal Reasoning (VR) and Numerical

Ability (NA). of the DAir were used at statistical control variables as
,

described in the next section. The means and standard deviations of

DAT-V.R and DAT-NA for,the various groups are shown in Table Z. -As to

be expected, the experimental groups have higher means than the control
. .

groups.
.

It*is recotnized,that ae4tittments for DAT-VR and DAT-NA scores

are probably insufficient to compensate f,or all the relevant but uncontrolled-
inequalities e*istink between experimental and control samples.' For

instance, the "teacher variable" is quite likely to be a significa.larfactor

contributing to the difference in algebraic achievement between the two
- '*-.. -s4krriples. But the o measure available for assessing "teacher compe--,t ....,,,, -

-co-.., 1/..., .;
4,

, te ce" was the, very crude one' of the number of years of experience, and
't -

h

it was decided that, little yhould be,gained by making adjustments for this''',

variable. The adjustments whieh we made, therefore, probably repre-

sent the most that could be done within fhe 1j.mits Of, available data.

Some indication of the extent to whichAhose adjust-
. 4,7

ments were effktive can be gained by examining the magni-
aides of the coefficients of multiple co rrelation of Coop Algebra
scores on the two DAT subscores. These ranged from about



.53 to .:A2, depending on the particular group, as shown in
Table 2. Thus, it can'be argued that the two DAT scores ,

accounted for fr;om 30 to 50 percentof the variance'in the
Coop ,scones.

5

r '

StatistA. Analysis

. The statistical technique used for making a majority of the intergroup

comparisons described below was ,the standard analysis of covariance.

This technique amounts to making an estimate of what the Coop Algebra

mean of each group under comparison would have been if the DAT-VR and

DAT-N4 means.had each been equal for the several groups, and then

making a comparison between these estimated (or "a justed") Coop Alge-
-,

bra means.

In actual practice,. it is the sums-of: uaresof the
Coop' Algebra tests that are adjusted. ',The est-of signifi-
dance then exactly parallels that for the u ual analysis* of0
variance. That is, the ratio of the adja ed between=groups
in-lean-square to the adjusted within-groups mean--/square is
used F"-ratio. If the value of this ratio exceeds a criti-
cal value, the adjusted Coop Algebra means are judged to be
significantly different from each other.

In this manner, comparisons were made between the experimental

sample as a whole and tl're, control sample as a whole; between groups E2

thiougli E6 (9th grade classe.s in experimental sample) and the control

sample; andSo forth. Each comparisorr was 'designed to test the effect of

01%

some particular variable or combination of variables on which the contrasted

gFoups'aiffered systematically.. ,-
. 0
Experimental Sample vs. Control Sample! The analysis-of-variance

table for the adjust 4 sum-or-squares (S. S.) in this comparisohf shown

in Table 3, as are the adjusted means.

k.)
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Table Adjusted analysirbf-va

, experiment-0 group and-
3

Algetrta. means

..
e table for comparing.

ti

control group sample Coop

Source AdjUsted S!, S. n. d. f.

Between-groups '1944.83

Within-groups 148214.00

Total
J

'

2377

.?.378

Adjusted Mean-Square F-ratio

31.19*°`1944.831

Adj.usted Coop Algebra means
t

Group E total. =

Group c 60.45total
4

44 P..< .001

The tesulting.F-ratio (31..19) indicates that the adjusted Coop Algebra
,

means for the two samples are significantly different at the .001-level, the

direction of the difference being in favor of the experimenta l (UICSM)

gample. I should ibe noted that the adjustments for inequalities on the two

DAT Means have- lowetedtheeXpeLm'ental sample's. Cbop,Algebra'meari

fr.om 63.31 (cf.; Table' 2) to 62.50, and raised the corresponding control-
. ,

sample mean from 58.26 (cf. Table 2) to 60.45. b-This is the way in which

/

the analysis of covariance method operates in order, at least partly, to
4 , 4

-coricapensate for group inequalities on related variables. , - 44 -

We may thus.condlude that the UICSM salle as 'a whole showed a

significantly higher algdbra achieyement (as measured-by the Cooperativei
Elementary Algebra Test) than. did, the, "cOnveretiorial" ^algebra,sample as a

7 't ,
whole--even when due compensations are made' for the fact that' the former

was saperior to the latter in:genera%1 academic abikty as measured by the

DAT Verbal Reb.goning arid, Numerical Ability scores.

I

44).

;4.

4

V
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,,,

of the compensation for uneqUal,Numerical Abilify scores.

-

Group El Groups E(i In view of the fact (cf.''-rable 2)

.that the 8th-grade experimental classes. (group El) scored 'considerably

higher on the Coop tharrdid-the 9th-grade experimental glasses

(groups E(2 ., (;)),' it is pertinent to inquire whether the means for these
. -

N ,

two sub,Jsamples are significantly different. For if so, there arises the

possibility that the superiority, seen above, of the "egperimental sample

is attributable to just the 8th -grade segment, which constitutes about 13%

Of the experimental sample.

The adjusted,analysis-of-variance table for the experimental 8tir- vs.

9th-grade compdrj.son i,gsh,,Rwn in Table 4. The resulting F-ratio indicates
W , -4.

a significant difference infavor of the experimental 8th-grade classes.

Note that,. iri this case, the adjustments have widened
the gapbetween the group means under comparison. Refer-
.e_pige to Table 2 shows that the 8th graders had a lower DAT.-to
NA mean than the 9th graders, although the DAT-VR mean Of
the former was higher than that of the latter. Hence, the
adjustments for the two predictors worked in opposite dir-
ections in this case, and the'fact that the8th-grade'mean was
raised from'.66.89 to 67. 33 while that of the 9th graders-was
lowered-from 62.83 to 62.76 indicates the overriding effect

At 'any rate since the 8th-grade classes were found. tb be signifi-

-,
cantly superior to the9th-grade" erii-neriia1 clses on the:Coop Algebrb.

Test, it, is desirable to inquire Whether- or not the superiority of the experi-
.

**.t.mental to the control sample will Continue to hold when the 8th-grade
t.

group is -removed from the expeMmental sample.

--- Experimental Group_s__E(2 -vs. Control' Sample. That the

answer to the question posed above is in the affirmative ban be seen from

the results preented in Table 5. The experimental sample shows a

O
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,significantly higher overall perf'ovnance on,the Coop Algebra Test than
the control sample, even after the' especially high-scoring experimental
group (the 8th-grade classeWis removed fpom,consideiation:

.

Table.A. Akijusted analysis of'var"iance table for cprx?paring` Group El
?,ftd Gfoups E(2 means ,on Coop Algebra

Sotifce - Adjusted S.-S. -n. d. f.
,

- Between - groups 2027.47

Within- groups 99, 082.24
,r-

Total

1

1701

1,702-

Adjusted Mean-Sctuare

2 27.47 .

58,25

Fa-ratio

.'79

Adjusted Coop Algebra means
Group E = 67.33
* P < . 001Group E (2. 6) = 6E. 76

.

Table 5.

4

Adjusted analysis of variance

experimental groups E(2

means on CoopAlgebra

table for coif aring

6) and control - sample
./4

Soufc 9 '. Adjusted S.S. n. d. f. Atjusted Mean-S tgialts F -ratio,_--
.

,Ijetys)ee,n.-gsvps
%

s Within-groups

a Total

911.21 1 14.904,

fli, 504. 11:, 2151 , ' 61.14

216,3 *, _I

Adjusted. Coop Algeb.ra ;cleans
)1'
, .

,Proups E
(2 6) = 61.85 *

Group Ctoeal = 60' 04-11r
P < .001

. 10

V

f.
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, ,
Individual Experimental Groups vs. 'COntrol. Sampler We now corn

pare -thch\ bf the, eperimental. 9th-gradegroups (E2, E,3, E4" and E0,!in
. , . . ,

. .

. turn, witali the control sample. 'Ckroup. E6
.

not considered because it
., p , iI

li

was'both yy,ry sm41 in size (N = 135), and extrexvie,in its dllay0d, testing
.

tithe, as seen in table .1. 4-
rhb result's o,f the" four acii-npar.isons,:are sum-

4. , rI. ia: ;.

.a. ,'Marized in Table 6, 'showing-that Oro of the experimerital group's .(E,2 and' EJ.
.

were foueid to -be significantly superior to the control sample while two'
4. , . , ,

fe (E and E' ) not' si nifiCantr cp.fie,reni f.tortilt.4
3 4 g

'99 -

1 , f ... jt S h ou 1 d belitiifited ovkthat,' fOr the domrimisbn invol-
. 4 -.

ving grpupE,, ,an unres.tricted lin'iar byppth'e_Pi's Model.:. . 4 8 ,l '7

el . .e. 9 , ..
(using separate group re'gre'Ssion-tverght,§)' w.b. us,e-41.4.nsted,i

bf the standard spva'rianc.e 'a.rk,a.l.y%"i's. nisi- 11, becatibethe
, , -... , 9 I

equality' -of- slopes,df - slopes conditip.n , ,,,,Vrei..equisite Ctb :negula'r bov,..i.i.-:
, . 4-... ' 7' k . ' - °t., 4

ante analysis, wa's-nelf sat,i.sfi,ed-in .th,i..si: case.. -..- - '. ,
. . , ',

.

The two experimental' gvAu.ps that
, - .

Algebr,a means which:wetesigii. ificantly
el

failed cliieve:pdjus t4d''''poop
.

hist er than' that- Vettie sbt;ttr-01
-t s' 4 .

. .

sample .pparentlyvdicl, solfc3br tAtiodifferen riBason,s:,' Grt?up, clarkitoe,
, . . -.: . ,

- . . . . - .v .:. ..,
,havirig taken'the'ir U1CSM/ course' pribt,tb.th:e ).;959`revigion of:materialb,

4, ,-\, ..-? . ", ... v. .' - , - :
Y ,.

' r 4.*. . * .' ..
were at a. disadvantage as n-qted.ea.riteic firrviibt 14ving's.kwicient drill 121

f

0.0

, \ , ,

., . ..,.- . % .t., II, ., _ '''
the manipulatiVe skills. GrouP EA, :brf,theaotherand, was tested before

,
4 ( - . I ..'I- f ' 4 .1 ,' ..

completidif of Unit 4:4 and thence haci not:4yet coNser'eld Borne of Ole topics.
... . .

.. /
i ' . ,:. i .":41.-

that were included in the Coop, test, ''''' .. - . " I ,.,
. .

. . .

'

' I
, a i * . 1 - #

Group E was jai the most ilsositioh of the four. e3pperi-
5 , " .

. , '' : . ..
Tental grbups!, Oes-e'tiasses Were taught withtlhe _revised material, which

, , r --
, - ..--e : . ,,. .

contained more exercises in Cirnpkitation, and4hey ,were tested after
,. .' . , .:!.t, ,, ii, I e

t ,. I

-
We arer.fnclebted'td Dr: Iki-arilf ;Watson of the Qfficof Iiistrtictionai Tele-

University of fillinois,,,for making a.yailable to ;us Ills program for ,./4

carrying out this test, 'and to Mr.' James I-lenhes for its actual'eXeclition .

on the IBM 7090 coMputer: , , ,



(a) .GroupE v

Source

:,}3eturetn-gr,oups

Within-groups

4 Total

.
4.
.

"0

Comparison of -experirryental groups E.2; E
3 ck

E4, E5,

each With,. control sample, On, clo'op.A.1.g-ebra means

Group C total
.

'AdjuSted.S. S.

1103-93.2_

49639. 25

n. 4. f. Adjusted Mean-Square F-ratio

1:7. 57*
4

1103.91

790

Adjusted Coop' Algebra means

Group E3 vs, Group Ciotal

Adjusted S. S. ni -d. f.

Bdtween-groups

Within-groups

62.83

If

Group E2 = 62.41

crbup C total = 58* 99

J50..53

56011. 35 942 .

- .
Adjusted ,Mean - Square

4150. 53

159. 46

/ 943

P <

F-ratio
*2.53

.
_Adjuited Coop Algebra means

.) -, 0

<Group E3 = 60.48

Group
C: t4oi,

= 59.56,

20

0.

A

0
' got -

4



a
o

ontmuecl)

7-7--,
(01 Group E cys..Groun c'.4 total ..
,..- .,.

o 4 t

Source _ , Aa',..1..1.si.ed_S. S. n. d. f. Adjusted ,Mean-Sqna-re If- l'atio.
. .

...-:
Between - groups 49'. 21 1 9 ' 45.21 .

Within'- group: . -_84,399. 96 1246 67.74
', . ,

. ,,

Total - 12-47
a

',.

Adjusted C'ool) Algebra
Group ,E4 7 59.07

means
Group C.: tota_ = 58.68

not signzi.

,

(d) Group it:, Grout C- total

Difference between ac basted means -.
- .6roup min is:Grgup C total .3. 00

standard error of 411:c-once

t = 5_ (ID < . 00 1)

.. 538

completion o

this group ha

The Fu

taught. with

a

,

nit 4. It would have been quite discouraging for U1CSM if
,. , .not excelled over the control sample; but it did.

4 ANFrwcess of Group E
2 .(which Combined the, ditadvantage of-being

re-1959 material end of being tested promptly.atthe end of

the school ear), an the other hand, is rather remarkable, At least part

of this su cess must,be attributed to the group's .exceptional .superiority in

Reneral g holastic abilityas indicated by its being considerably above, the
4

overall xperimental-sample average on DAT-VR, and the highest of all

the grot. ps on DAD-NA (c£. Table 21. But there is also other evidence.

o



indicttina that more than one of the classes in this group had highly corri-

petent teachers who successfully covered almost the entire' first'c'ourse in

one schbol year. This observation lentls support fo the surmise that, given

these favorable conditions,- the 1.1ItSM material, even without augmentation

of coMputational drill exercises, was adequate in preparing superior stu-

- dents to copy with such conventionally oriente&achievement tests as the

Coop Algebra.:
:4

Experimental Groups vs. Control Group C1. Prior to making the

above comparisons between each experimen0 group, in turn, with the

,entire control sample, we undertook to compare sonpe of the experimental

J groups with control group C1. This group I;as a somewhat higher mean

' Coop Algebra score (58.77) than the 'other control group (56. 65), and we,

therefore, thought that comparisons with group C1 v;rould offer a more strin-

gent test than comparisons 'with the entire control simple. However, an

obstacle was encountered to pursuing this plan, whiciwe shall cresc'ribe
,

b elow, and it was therefore decided to use the entire control sample_as the

basis of comparisons.

The difficulty with using control,group C alone' font..
1 - z

. .

comparisons stems from the fact that the regression plane
bf Coop Algebra on the two.DAT subtests for this.g1roup were

_markedly non-parallel to_those of most of the experimental,
ups. Thus, the equality-of-slopes condition, mentioned

earlier, would notbe satisfied, and the standard ysis of
covariance method for comparing adjusted meansl. uld not
be applicable.' There are two alternative procedures that Ill

can be used in such cases, both, of which are bAsed on an un-
restricted line'ar hypothesis mOdel. One of these procedures
'was used_for the group E5 versus cojitrol sample comparison,

'cited earlier. The other is the Johnson:Ney'znan technique,
which enables us to specify three regions in the cova ate

,.... 1' .
spaCe (in this study the two-dimensio nal space with DAT-VR

,.,

I



and DATLNA as the coordinate axes), ssuch`that the ,conclu
'lion ce drawn depend.th on the region(s),in which the cen
troids O the two groups under comparison fall. If both

,as.ce4rOi. s- fall in, say,----R-egion A, we conclude that group A

has a ificantly higher adjusted criterion mean than group
B; if b
and if
differs ce is not significant..'

centroids fall in Region B, the reverse is true;
or both of the centroids fall in the ttrird region, the

artunately, it appears that the two proceduresmay,
somet zs lead to conflicting results, a --kase at point being
thefo !Owing- conclusions, (1) and (2) below, for the com- -
paris n between experimental group E

3
and control group

C
1*

(1) Separate-grouri regressions:
Difference between adjusted Coop means
6 .(in favor of group E 3)
Standard error of difference

t = 2.97 (P < .01)

= 6.92

= 2.33

.12) Johnson-Neyrnan technique:.:the C1 group centroid
falls in the region favoring group E3' and. the E

3,t.

centroid falls in the
,

reglim of non-significance.
.

Thus, it seems that, when the equality-of-slopes condi-
. --at

' do is not satisfied, we may not be able to draw unequivocal
co elusions as we can when the standard covariance analysis
is pplicable. When the entire control sample was considered,
the regression lane was not significantly non-parallel to that
of most of the e. rnperiental groups. The single exception.,

J
w s the case of group E5, alrealay discussed, nd it should
b mentioned here that for this comparison

a

e Johnson-
..

N yman technique led to the same conclusion 'as th$ from
',

t e separate- group- regressions approach.
t.,..

pd.rib

sarnp eitseolf.

revision) and

roup E2 vs. Group E4;. Group E3 vs.it Group E5. The last two corn-,

a

ns to be reported are those between pairs of groups iri the experimental

Specifically, the purpose was to compare the 1958 (pre-
' g.

195c9 (post-revision) classes, lidding relatively constant
,

23

4



of : ,

-"the arridrint, of the'courseL overed as of the time of testing.'..Reference to

Table 1 shows that groups E'z and 84 (end-sof -year testing) and groups,

E arid E (end-of-coils:testing) are the appropriate pairs to compare.
3 5 .

The'results Are presented in Table 8.

Table 8. Cornparisons'w thin the ExperientaL.5.4mPle

'-(Nin h. Grade Groups)

(a) Group t2 vs. Group E4

n. d. f. Adjusted Mean4Square

4

F-ratioSource Ad'usted S.

Between-gr')ups

Within-groups

Total

10)2.59

44, 581.'80 I

1 1012.59

688 64,80

689

. 15..63

Adjusted Coop Algebra mean
Group E2 = 63. 49

Group = 60.20
P < .001

tti

; "
(b) Group E

3
vs. Grath) P,

Source.

Between-groups

With; n -groOps

'iota

Adjusted

577 110
"i

n. d. f.

.1 1"

648

649

a4usted Mean-Square F-ratio

' 577'. 10

48665

Group E3 = 63.21
Adju,sted Coop Algebra means

Group E5 = '65$ 75

*P<
.01

C
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It was already mentioned above that group E2 was an exceptionally
4 2

superior group. It is not surprising., therefore, that it Excelled' over its

1959 counter-part; group E4,, despite the latter's having been exposed to

a rarger number of drill exerises.

On the other hand, of the twb,groups which were tested after coJn-
t

pletion of the course, group (1959) was significantly superior to group

E3. (1958) in achieiernent. Thus, we find at least tentative evidence that

the 1959' revision was favorable to: better preparing UICSM students to
e

achieve those skills that are stressed in conventi,onal'algebra courses.

Summary of Resitits

Since many.diffetLent comparisons were reported to the foregoing, it

may be helpful to present an overview that will enable the reader to se e

the res-tdts at a glance. We do this in two ways. FirstFiguie 2 shpws;

^in Ascending order, the s'evNrat group means on Coop lgebra;, adjusted
. .. :.., .1)
eon the entire. samP (experimental andby a regression equation bdsed'un (ital ,t

J
.''

control cOrnbied).

58 .5(: 6p .! 61 62 63 64 65 66 61

1

t I

vv-
I: I_ et I I I 1 I .:

1

i

3 i 1 t i 4

.,,

:,:',

CO Ltill fe
E4 Ntr) far r

121
:"...` .

A .. . ;4
r$ c P. 24 a, o.

o
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k) rzl

'
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:.." se

(.)..

°
.
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Figure Z.- Adj sted Coop Algebra means for five experifriental

avidtwo control groups (adjustments bastion regression , .

,' . ..
equatiOn'for combined sample),

-.
., 2J . .
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-Or

Note That these means do not-agree witIPthose reported
'4rlier in different group '-b;y-group comparisons. Thi.4.is be- .

. 1 '

cause the earlier adjultments,were each based on a regression
equati applicable to the 1-particular pair of group being
compare while the present adjustments are based on the
total sample. These adjusted means-do riot-enter intossigni-

%

ficance)tests, but they give 9. rou tidea of what the relative.,
standings of the several groups might have been if all group's

been'-comparable in terms of DAT-VR and DAa',-NA means.

..

/1 11

4Second, we sl-,ow ;n. Table 9 a list of all the compariions between var-
.

ious groups that were rtiade. An inequality sign in this table indicates

whether the agju. steel coop "Algebra mean for the group named on the left

margin was significantly greater than ,significatitly.less than.,(1,

aot signifitantly differeltt from than that for the other group.

1

.

. .

2

or

O.

411V

9
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Table 9. ...Coixtparis.on,AraL acljusted group means Coop Algebra

'
Statistical test used: Standard Covariance-Analysis

. .

.
oup Adjusted

Compared Group Means ratio P

of-tal
rota ).

62.50

60.45'
31.19 < 001

E
1'

"' (2 . . 6)

67.33

62.76 .

14.79 <
.

001

%E(2..

C tc;C6.1

6)

,,
61.85

60.04
14.90 < . 00 1.

E2

C tote 1

62,41

58,99

17.57 .00r-

P!A-`

'total

u(1..8

59. 56

?.53 >
e.

. 05

El

C total

59.07

58: 6t'
. ;

. 67 ' > >

b.'

E2

E
4

63 49'
-

60. ?.0
15.63

\
< . 001

E '

411,

63.
-11.86 -< .01\

E511

I y

Conclusions

E:total > Clotal

El ' 0

. 6)
> C total

EZ- > .0 total

q

E3.
. total

C total

E2r* > E4

,

4
I.

.'11 1

:
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° ;table Q. (continued)

2, _L-
4

3

Statistical test used: Unrestricted Linear Hypotgesis Model3

P,

5

total

Differences Conclusions
Between Standard Computer Johnson -
Adjusted Err 0 o f - Program due Neyman 4;,

Meals . Estimate t-ratio P 'to Watson' Technique
,.

- 1.11 2.93 .38. > .05

3.00 . 538 5:57 < .'001.

t Ci = C2

E5, > C total E
5

> C total
(P < .05)

E3

Cl
a..

2.33 2.97"01 E
3

-> C1 E
3

= C
1

(P > .05)

See bage 13 .. .e page, 16
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